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INTRODUCTION 
Since all the physiological mechanisms of an organism 
must be closely a t t uned to its environment in order to carry out 
the .many vita l processes of life and the perpetuation of the 
species, it is a genera lly accepted .t'act among biologists that, 
in investigat ing the physiological activities of any animal, it 
is necessary either to study the individual in its normal babi• 
tat or to approximate artificially that environment. This situ-
ation has presented a stumbling block to investigators in the 
ield of cestode nutr ition because of the fact that the mature 
ormw · are parasites in the alimentary tract of vertebrates. It 
ts not possibl e to observe or control accurately the myriad of 
interrelated experimental factors 1n vivo, nor can the exact 
' --.-, ............... 
onditions be r eproduced in vitro. In 1934 Wardle summed up the 
situation a t that tine by the following statement: 
It must be emphasized that no accurate information 
is available concerning the food requirements of a 
cestode or the method by which it satisfies those 
food requirements. It is generally assumed that 
the food consists of such cell-permeable products 
of t he host digestive power s as ami no acids, glu-
cos e , and glycerine; that the cestode cannot util-
ize fats, disaccnarides, polysaccharides, proteins 
and hydrolyzed proteins; and that the foodstuffs 
enter the cestode by diff usion through the body 
surface. In the absence of experimental verifi-
cation of these assumpt1.ons, however , any attempts 
to feed cestodes in vitro cannot be otherwise than 
empirical. 
l. 
Chandler (1943) reiterated Wardle's assertion but 
questioned the popularly accepted notion that the worms receive 
all their nutriment from the digested or semidigested substances 
of the host's diet in which they are bathed. He considered it 
highly probable that the cestode is sustained, at least in part, 
by materials absorbed from the mucous membranes lining the wall 
of the intestine with which the worms are intimately associated. 
Cited as evidence was the fact that immature tapeworms, even 
forms which develop a considerable part of the strobila, such 
as Cysticercus fasciolaris, always absorb nourishment from the 
tissues of the host. As a rule, they are not bathed in either 
blood or body cavity fluid but are imbedded in such tissues as 
the liver, muscles, under serous membranes or in the brain. 
Those forming hydatid cysts are invested by an adventitious 
connective tissue capsule through which they are able to absorb 
food materials. More evidence for the supposition that cestodes 
are dependent in part on the host's tissues for nutriment is the 
fact that Raillietina echinobothrida, Lateriporus mabdiaensis, 
Anomotaenia zederi and Tatr1a acanthornynchus produce necrosis 
by having the head and neck deeply imbedded in the intestinal 
11 mucosa. Others, for example, Stilesia hepatica, which is found 
l in the small biliary passages of sheep and goats, live as adults 
in areas not in contact with the hosts' ingested food. Lastly, 
if a tapeworm were merely a sort of "ecto-parasite" using the 
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wall of the alimentary tract just as a means of attachment, 
there would be little reason for the marked host specificity 
which is characteristic of the &roup. 
In the light of more recent investigation Chandler 
(Chandler, Re<Bd, and Nicholas, 1950) has somewhat altered his 
opinion regarding the direct absorption by tapeworms of food-
stuffs from the host 1 s gut wall, but his original contention 
that the host 1 s tissues contribute to the nourishment of ces-
todes has not been changed. He states: 
Although the evidence is now quite definite 
that tapeworms acquire adequate amounts of ni-
trogenous food, vitamins, and perhaps other sub-
stances from the host, independent of the diet, 
there is further question of the means by which 
this is accomplished. 
It was intimated by Chandler (1943) that 
nutrients might be directly absorbed by tape-
worms from mucosal walls, but it now appears 
that no such improbable mechanism is necessary. 
Chandler is nQw of the belief that food substances 
diffuse from the host 1 s tissues through the villi into the in-
testinal lumen thus offering a source of nutrlment to the worms: 
Contrary to the usual concept of the in-
testinal wall as a membrane which, except for 
its secretory glands, permits one-way passage 
of substances from the lumen to the interior 
of the villi, there is now a large mass of 
evidence to indicate that to a very surprising 
extent the cells lining the lumen of the in-
testine permit two-way passage of a great many 
substances, the direction of passage being de-
termined in some instances by sim~le diffusion, 
and in others by 11 act1ve transfer processes 
in which energy is expended. 
-----=--- -- ==---- -=---
Experimental evidence to date, as cited below in the 
body of the thesis, would indicate that both the host's ingested 
food and the host's tissues are of equal importance in supplying 
the cestode with the nutritive components necessary for life. 
II 
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PART I: Cultivation of Cestodes in Artificial edia. 
A fundamental problem, the solution of which is 
necessary to any intelligent understanding of cestode physiol-
ogy, is that of the cultivation of the worms in vitro. Extreme 
fragility, extreme restriction of habitat, and susceptibility 
to bacterial attack have been the obstacles which have proved 
most perplexing to workers in this field. Their task has been 
to est~blish a non-lethal method of freeing the tapeworm sur-
face from adherent oacteria after removal from the host and the 
establishment and maintenance of an aseptic or an oligoseptic 
medium, either a molecular solution or a colloidal sol or gel 
to serve as a carrier for the carbohydrate and nitrogenous re-
quirements of the ani~al, and lastly, the provision of the 
necessary food requirements of the worm. 
A. Early Work of Historical Interest 
The earliest published attempt to maintain a cestode 
outside of its natural environment was that of l<'risch (1734) 
who reported that plerocercoids of Schistocephalus solidus 
uller can live more than two days in river water. Fabri-
cius (1780), working with "Taenia erythini" (= Proteoceph-
alus percae uller) from Perea norvegica, supported the wonnl 
several weeks in sea water. Abildgaard (1793) maintained 
"Taenia gasterostei" <= plerocercoid of Schistocephalus 
solidus uller) in fresh water for eight days. Dujardin 
(1873) reported motion of isolated proglottids of 11 Taenia 
5. 
encumerina" (: Dipylidium caninum Linn.}, "Taenia serrata 11 
(=Taenia pisiformis Bloch), "Taenia filicollis"(: Proteo-
cephalus percae l'iiuller) and "Taenia fringillarum"(: Hymeno-
lepis fringillarum Rudolphi) after several days in a 
saturated atmosphere. 
Since these earliest attempts to sustain cestodes in 
an artificial envirorunent, researchers have directed their 
investigations along two principle paths, either as separate 
entities or in combination: 
1. Using saline media 
2. Using nutrient media 
B. Studies on Tapeworms in Saline edia 
Working with saline media, Le Bas (1924) recorded 
viability of plerocercoids of Diphyllobothrium latum (1.) 
for seven days in Ringer Locke's solution. 
Cook and Sharman (1930), when investigating the in-
fluence of acids and bases upon the respiratory rate of 
~onezia trizonophora Stiles and Hassall and using carbonate 
free Ringer's solution as a solvent for the acids and bases 
tested, found that in a /10,000 solution of sodium hydrox-
ide they could maintain the worms for twelve days. 
Wardle (1934) checked the survival time for the 
plerocercoid stage of Triaenophorus tricuspidatus Bloch 
and for the adult stage of Bothriocephalus scorpii Muller 
in varied saline media at a temperature fluctuating around 
6. 
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twenty degrees centigrade. In concentrations of M/5 through 
l/20 of sodium chloride he was able to support Triaenophorus 
tricuspidatus for forty-eight hours. At one-hundredth the 
molar concentration the worm survived less than one hour. 
Using comparable concentrations of calcium chloride the sur-
vival time for the tapeworms was cut in half, and with po-
tassium chloride the period of viability was approximately 
one-ninth that for sodium chloride. Results with Bothrio-
cephalus scorpii were substantially the same for the three 
salts. 
Wardle found that in Ringer-Locke's solution he could 
maintain Bothriocephalus scorpii for eighteen days. Using 
Ringer-Locke's solution minus bicarbonate the worms survived 
ten days. Two days viability was noted in double Ringer-
Locke's solution and two days was the maximum period of 
maintenance in sea water. 
On the basis of these results, Wardle suggested that 
balanced saline solutions and, to a lesser extent, concen-
trations of sodium chloride between K/20 and /5 are better 
tolerated than are lower molecular concentrations of their 
component salts. 
In his later work Wardle (1937) checked the activity 
of the adult onezia expansa Rudolphi in balanced salt solu 
tiona against worms in the same solutions to which glucose 
had been added in amo~s equal to /5, M/10, M/100, M/500, 
and M/1000. All of these media were maintained relatively 
free of bacterial contamination. In none of these media 
containing glucose, which was considered to be the primary 
nutritional requirement of cestodes, nor in the glucose-
free media was he able to support the worms over seventy-two 
hours. Death of the organism within a relatively brief 
7. 
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and M/1000. All of these media were maintained relatively 
free of bacterial contamination. In none of these media 
containing glucose, which was considered to be the primary 
nutritional requirement of cestodes, nor in the glucose-
free media was he able to support the worms over seventy-two 
hours. Death of the organism within a relatively brief 
period was the result in all instances, and starvation was 
not considered to be the determining factor, since the gly-
cogen stores of the worms were only slowly depleted in the 
glucose free media and the cestodes actually increased their 
glycogen supply in the glucose containing media. In media 
containing molar concentrations higher than M/10 the worms 
underwent a water loss. Therefore, the author concluded 
that if maintenance of normal longevity, water content, and 
polysaccharide content be accepted as a criterion of the 
favorableness of artificial media to tapeworms, and if 
Monezia be regarded as representative of tapeworms in genera 
the inescapable conclusion must be reached that saline media 
are useless for the study of cestode physiology and that 
conclusions as to the nature of tapeworm metabolism based 
on such experiments cannot be accepted as giving an accurate 
picture of physiological processes taking place in cestodes 
lying in the gut of an animal. 
c. The Introduction of Nutrient aterials into Artificial Media 
In introducing nutrient materials into artificial 
8. 
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media investigators have been forced to rely almost wholly 
on trial and error methods. Glucose has been considered 
to be the fundamental constituent of the worm's diet. Von 
Brand (1931) carried out a biochemical analysis of onezia 
expansa and determined a protein content of 3.95 per cent 
which was relatively low in comparison with other animals. 
The glycogen fraction was 2.69 per cent and the fat compo-
nent was 3.35 per cent. Thus, it may be noted that the 
glycogen-fat combination, 6.04 per cent, was in excess of 
the protein content 3.95 per cent. 
In a similar analysis of the plerocercoids of Schisto-
cephalus solidus, Hopkins (1950) obtained the following 
results: water 68.22 per cent, glycogen 16.2 per cent, 
protein 11.4 per cent, ash 1.85 per cent, and undetermined 
substances 2.33 per cent. 
r 
Von Br~nd (1931) further broke down the fatty substan-
ces obtained from onezia expansa and found them to be 15 
per cent phosphatides, 7 per cent stearin, 8 per cent stearw 
acid, 51 per cent oleic acid, 14 per cent oxyfatty acids, 
and 4 per cent glycerol. The fat content was assumed to 
be of the nature of an accumulated excretory product, a 
by-product of glycogen degradation, for under anaerobic 
conditions at 39° c. in Ringer's solution, Monezia lost 
0.25 per cent of its glycogen content in six hours while 
the fatty components remained relatively constant. The 
9. 
products excreted into the medium were carbon dioxide 0.11 
per cent, succinic acid 0.01 per cent, lactic acid 0.05 
per cent, and higher fatty acids 0.05 per cent. These 
substances nearly balanced the glycogen loss and so suppo~ 
the view that fatty acid excretion was a result of glycogen 
degradation. Von Brand also demonstrated the fact that 
worms receiving only sugar as nutriment showed an increase 
in internal fat content. 
Smyth {1948) by a histochemical analysis of plero-
cercoids of Ligula intestinalis {L.) revealed that the lar-
vae were almost fat-free. During cultivation in artificial 
media, very large quantities of cytoplasmic fat were pro-
duced, the quantity being proportional to the duration of 
cultivation. Fat was even produced under starvation condi-
tions (in saline), and the author concluded this to be 
indicative of a metabolic by-product. 
The results of Markov (1939) added further weight to 
the hypothesis that glucose is the fundamental dietary re-
quirement of the tapeworm, and the fact that he maintained 
the worms for a lengthy period of time, up to sixty days, 
gave significance to his data. Ligula intestinalis kept in 
Ringer-Locke's solution for three hundred and thirty-six 
hours lost 30 per cent of its glycogen store. In fish broth 
or when glucose was added to the original medium no depletion 
of glycogen was noted. Substantially the same .results were 
10. 
achieved with Eubothrium ringosum and Tr1aeno,phorus nodulosus 
{Pallas). 
It was further demonstrated that the rate of consump-
tion of glycogen was not dependent on the level of the initial 
amount. The plerocercoids of Diphyllobothrium l a t um have a 
glycogen content of 17.9 per cent of thei~ dry weight and 
their glycogen consumption in three hundred and sixty hours 
was 83 per cent of the initial amount. Plerocercoids of 
Ligula intestinalis with a glycogen content of 33.7 per cent 
consumed only 30 per cent of this amount in a similar time 
span. 
Markov found this rate of consumption to be dependent 
on the mobility of the worms and their metabolic activity. 
F'or example, the rate of movement of t he anterior region of 
the plerocercoids of Diphyllobothrium latum at 15° C. was 
5 . 5 expansions and contractions per minute, and the glycogen 
consumption was 34 per cent of the initial while at 35° c. 
the rhythm of expansions and c ontractions per minute was 16.9, 
and the glycogen consumption was 78 per cent of t he original 
amount. With glucose added to the medium no diminution of 
glycogen was observed. 
ortner - Schonbach (1913) considered the glycogen need of 
cestodes to be primarily related to the development and matura 
tion of the genitalia . Hopkins (1950), raising Schistocephalu3 
solidus in vivo, found a glycogen decrease in the first 
ll. 
forty-eight hours of growth and t t:ereafter a constant level 
was maintained . Hopkins believed that this r'act supported 
the hypothesis of Ortner- Schonbach. 
!.<'or nematode parasites which share an environment 
identical in many cases and in all instances comparable to the 
cestodes, Hobson {1948) summed up the evidence on glycogen 
and fat metabolism as follows: 
On the whole evidence seemB to justify the 
view that fat present in parasitic nematodes 
is a true reserve substance, but that it is not 
normally utilized as a source of energy by the 
adult intestinal parasite owing to the low oxy-
gen tension usually present in the environment, 
and the availability of large amounts of glyco-
gen which is more easily broken down under these 
conditions. If sufficient oxy gen is available, 
at certain stages of the life history, the fat 
is almost certainly broken down. lt is quite 
possible that this may also occur with the 
adult worms under aerobic conditions, especially 
if the glycogen reserve has been exhausted, but 
this has not yet been proved. 
The specific protein requirements of tapeworms in 
vitro have not been well established. According to Wardle 
(1934) tnere was a general agreement among investigators 
that the fluid within the inner membrane of cysticercid or 
the coenurid types of larvae was a transudate from the blood 
plasma of the host, and yet, this fluid contained substan-
tially less protein material and more chlorides than did the 
plasma. This condition has been regarded as evidence that 
the cestode utilizes proteins. However , Schopfer (1932) 
considered the metabolism of the larvae insufficient to use 
12. 
up proteins so rapidly and suggested that the low permeabil-
ity of the inner membrane to proteins was responsible for 
this condition and was not truly indicative of protein 
metabolism. 
:£!'rom a historical standpoint the first attempt to cul-
tivate cestodes in nutrient media was made by Knoch (1863) 
who reported activity in scolices of bothriocephalid worms 
for ei ght days in an aqueous solution of egg albumin. Pintner 
(1881) reported the maintenance for five to six days of many 
cestodes from marine fishes in sea water containing a trace 
of egg albumin . In 1888 Zschokke kept tapeworms from se-
lachian fishes alive twenty-four hours in sea water to which 
the host gut mucosa had been added. Lonnberg (1892), in 
experiments with Triaenophorus tric·uspida tus from t be in-
testine of Esox lucius, sustained life for a tbree to four 
week period in a dilute, slightly acid pepsin-peptone solu-
tion of sodium chloride changing the medium frequently to 
counteract microfloral contamination. Upon adding cane 
sugar to the medium, he noted that the survival time was 
reduced to fourteen days, and in a peptone solution alone 
the maximum viability time was four days. These experiments 
were conducted at 10° c. in semi-darkness. At 18 - 20° c . in 
a lighted room the experiments were unsuccessful. Tower 
(1900) kept 1 onezia expansa alive for five days in a medium 
composed of 10 per cent egg albumin, 5 per cent beef extract 
13. 
2 per cent glucose, and tap water. Using nutrient gels 
rather than fluid media for the cultivation of the larvae 
of Tri~ophorus tricuspidatus, Wardle (1934) observed that 
these semisolid media gave better success from the stand-
point of the natural appearance and behavior of the worms 
than did their liquid counterparts. However, bacterial 
contamination caused the death of the worms and rendered 
his results inconclusive. Larvae of Taenia taeniaeformis 
Batsch from a rat 1 s liver were kept in a viable state fo~ 
thirty-five days in sterile saline plus chicken embryo ex-
tract and filtered horse serum by Mendelsohn (1935). Thomas 
(193?) maintained for two months larvae of Bothriocephalus 
rarus Thomas, a parasite of the vermilion spotted newt, in 
amphibian Ringer 1 s solution containing 0.03 per cent glucose 
and hay infusion. The medium was changed every other day, 
and the temperature was held at 20° C: t hroughout the period. 
Hoeppli, Feng, and Chu (1938) introduced plerocercoids 
of Diphyllobothrium erinacei Rudolphi into a mixture of 
diluted hedgehog serum and horse serum agar. The larvae 
remained in a viable state for several weeks and when re-
introduced into hamsters penetrated the subcutaneous tissue 
and started growth anew. These larvae later achieved normal 
adulthood when fed to cats. 
None of these foregoing experiments produced any gro~J 
or development of the tapeworms. However, Dave (1926) 
=-
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obtained an increase in the volume of some of the scolices 
of specimens of Echinococcus granulosus Betsch in an aseptic 
medium composed of hydatid fluid and fresh, unheated horse 
serum. Coutelen (1927) (1929) employing the same technique 
with a medium of hydatid fluid plus ascitic serum attained 
a volume increase of twenty-five to thirty-five times the 
original over a period of thirty-one days. Using individual 
coenurids of Multiceps s~lis Gervais in a medium contain-
ing sodium chloride and fresh horse . serum, Coutelen was e.blel 
to bring about a doubled volume increase in a time span of 
twenty days duration. The medium was held at 370 c. and 
changed daily. Stunkard (1932), culturing the larval form 
of Crepidobothrium lonnbergi, maintained life in these worms 
for e. period of thirty-two days in dextrose-saline broth. 
While segmentation of the strobila took place, only sterile 
and abnormal proglottids developed. Green and Wardle (1941) 
attempted the cultivation of plerocercoids of Diphylloboth-
rium latum in nutrient agar plus hog serum. one plerocer-
coid grew to a length of 50 mm. which was the maximum lengtb 
recorded a~ng one hundred measured larvae. However, there 
was only a five day survival period. 
On investigating the cultivation of the plerocercoids 
of Ligula intestine.lis, Joyeux and Baer (1942), using three 
media: (a.) saline plus ascitic fluid, (b.) saline plus 
horse serum, and (c.) saline with both horse serum and as-
15. 
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citic fluid, observed over a twelve day period that seven 
out of twenty-four larvae had apparently reached sexual 
maturity and had undergone oviposition. However, closer 
examination revealed that normal development had not taken 
place in the absence of spermatogenesis. The experiments 
were carried out in petri dishes at 38° - 400 c. 
The work done by Smyth {1946) {1947) {1948) represents 
the first completely successful attempt to rear cestodes in 
artificial media judging by the criteria of viability, nor-
mality of behavior, growth, and development. His experiment 
were carried out on the plerocercoid larvae of the pseudo-
phyllidean cestodes Schistocephalus solidus Muller and 
Ligula intestinalis ( .). These particular organisms were 
selected because they can be obtained under completely asep-
tic conditions from the body cavities of their respective 
intermediate hosts. 
Larvae of Schistocephalus solidus from the three-
spined stickleback, Gasterosteus aculeatus, were immersed 
in balanced salines, glucose salines, and nutrient peptone 
broth. With peptone broth as a medium, at 16° - 19° c., the 
plerocercoids remained active and showed normal behavior 
for periods up to three hundred days, while in 3/4 strength 
Locke 1 s solution, which was approximately isotonic with the 
organisms, the mean period of normal behavior was one hun-
dred and fourteen days. Histological examination of the 
16. 
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genitalia of worms cultivated at room temperature showed no 
evidence of spermatogenesis, oogenesis, or vitellogenesis. 
However, cultivation in peptone broth at the body tempera-
ture of the final host induced the plerocercoids to develop 
1 into sexually mature adults undergoing spermatogenesis, 
I oogenesis, vitellogenesis, and shell formation. Similar 
experiments carried out in saline media and glucose-saline 
media did not result in sexual development while the stimu-
lus, !·~·' the rise in temperature, was present. Apparently 
complete maturation could only be reached providing special 
nutritive factors were available in the medium. Smyth ex-
plained these phenomena on the basis that while the larvae 
could survive in the saline and glucose-saline media under 
passive conditions, the increased activity at the higher 
temperatures consumed all of the plerocercoid's scanty food 
stores which although adequate for maintaining the organism 
could not support sexual development. 
The adult tapeworms artificially reared in peptone 
broth survived for a period of four to six days which rep-
resented their normal life span within the definitive host. 
Eversion and evagination of the cirrus at a rate of once per 
second was observed in the proglottids after forty hours of 
cultivation. Nevertheless, the spermatozoa apparently did 
not reach the vagina, for unfertilized eggs resulted suggest! 
ing that normal copulation had not taken place. 
17. 
Employing a similar technique with plerocercoid larvae 
of Ligula .i ~e s tin£ lis removed from the body cavity of the 
roach, Rutilus rutilus, Sm~th (1947) was again able to in-
duce sexual maturity . Three of the nine larvae employed in 
the experiment became mature after seven days cultivation 
and oviposition took place. Histological examination gave 
proof of spermatogenesis, oogenesis, vitellogenesis and shell 
formation. Giant polyploid cells as well as mature sperma-
tozoa were observed in the testes. However , as in his for-
mer experiment, copulation was not induced, but unfertilized 
eggs underwent parthenogenetic development within the uterus 
as far as the two-cell stage. 
~myth (1948) (1950) succeeded in getting fertilized 
eggs from artificially reared specimens of Ligula intestinalis 
The medium employed was pure horse serum. However , only 
6 per cent of the eggs were fertilized. The author suggested 
that success in this instance and failures with the other 
media might not have been due to the horse serum but 
rather to unsatisfactory means for the detection of lower 
degrees of fertility in the other cases. Another 
11 interesting observation made by ~myth was that fragments 
of larvae or plerocercoids with either the scolex or the 
posterior half removed underwent development to the stage 
of oviposition in nutrient media. 
In his most recent report Smyth (1950) obtained simile 
18. 
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results with Schistocephalus solidus. However, he believed 
. 
that a considerable number of the coracidia which he recov-
ered had hatched from parthenogenetic eggs. 
PART II: Cultivation of Cestodes In Vivo. 
Bacterial contamination and physical factors have, 
for the most part, precluded the maintenance and normal behavior 
of adult tapeworms over an extended period of time in artificial 
media, and thus, have impeded the formation of definite conclu- I 
sions as to dietary requirements. However, by altering the food 
stuffs of the infected definitive host, investigators have found 
a means of studying cestode nutrition and metabolism which c ir- II 
cumvents these difficulties. This field of endeavor is relative 
ly new in comparison with in vitro cultivation of tapeworms and 
has greatly supplemented the earlier work done in the field of 
cestode nutrition. 
'A. Carbohydrate Diets 
Shorb {1933) attempted to establish the carbohydrate 
requirements for the mouse strain of liymenolep1s fraterna 
Stiles by feeding rats and mice an all bread diet, his 
rationale being that white bread is deficient in vitamins, 
minerals, and fats, and contains a high starch content. As 
criteria for evaluating results, Shorb took into considera-
tion the percentage of eggs fed to the host which gave rise 
to adult worms, the size of the tapeworms, and the period of 
retention of the cestodes by the host. A control group on 
a normal, well balanced diet was run on all experiments for 
purposes of comparison. Conflicting results were obtained 
20. 
with the two host species. Mice on the all bread diet were 
somewhat refractory to infection while the control group 
showed a high percentage of takes. None of the experimental 
animals retained the tapeworms for periods as long as the 
control group, and the worms obtained from the mice on the 
bread diet were considerably smaller. In a parallel set of 
experiments using rats as the host animal, Shorb obtained ·I 
exactly opposite results. No attempt was made to offer 
possible explanations for this interesting situation. 
Working with Taenia bydatigena (Pal.) in an infected 
dog, Von Brand (1933) found that a high carbohydrate diet 
was apparently favorable to the cestode. Worms from an 
animal on a normal ration had a glycogen content of 4.99 
per cent whereas the tapeworms from the dog on the starch 
diet had a glycogen component of 8.53 per cent. 
Levine (1938) fed a low carbohydrate diet of large 
bulk to chickens harboring Davainea proglottina by substi-
tuting indigestible substances such as cellophane and bran. 
He noted a marked reduction in the number of proglottids 
shed by the cestode. 
Chandler (1939) fed a diet high in carbohydrates and 
completely lacking in proteins and vitamins to white rats 
infected with Hymenolepis diminuta Rudolphi. The rat hosts 
were noted to undergo a loss in weight, but there was no 
noticeable effect on the percentage establishment, growth, 
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or reproductive capacity of the worms. The prepatent period 
of the tapeworms had a somewhat doubtful extension. I 
By reversing his procedure (!·~·~ by feeding rats diet 
of large bulk devoid of carbohydrates and diets low on carbo 
hydrates) Cha.rxiler produced marked reduction in the estab-
lishment of the worms, severe stunting of growth, and a re-
duction in the average total length of the cestodes per rat 
to about one tenth the normal length. Diets with decreased 
carbohydrate lessened the average length and width by at 
least 40 per cent. 
Beck and Chandler (1950)., as the result of in vivo 
studies on Hymenolepis diminuta in the white rat, considered 
a diet containing starch as being more favorable than one 
containing either sucrose or dextrose as the sole carbohy-
drat e. 
B. Starvation Diets 
Starvation diets, apparently closely allied to carbo-
hydrate deprivation, have produced interesting consequences. 
Thomas (1930) observed that Haplobot hr ium gl obuliforme 
Cooper, a cestode parasite of the fresh-water dogfish, Amia 
calva, was always recovered in an undeveloped state from 
fish caught in the winter time . In the spring, when the 
food of the dogfish was relatively more abundant than in the 
colder months of the year, the tapeworms increased in size 
and became sexually mature . 
I 
I 
I 
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A somewhat similar observation was made by Thomas (19 
on the frog tapeworm, Ophiotaenia saphena Osler. Larval ces L 
todes are taken in by the tadpole on eating infected Cyclops 
I 
However, the worms undergo no further development until the 
tadpole metamorphoses into the adult frog and changes its 
food habits. 
Thomas (1937) starved vermilion spotted newts infected! 
with Bothrioce2halus rarus Thomas for a two week period. As 
a result, all of the strobila but a few undeveloped proglot-
tids and the scolex were lost by the mature worms, and young 
cestodes failed to develop a strobila. 
Levine (1938) demonstrated a marked decrease in the 
number of segments shed by Davainea proglottina even after 
a single day of starvation, and it was approximately a week 
before proglottid passage returned to normal. II 
Reid (1940) and Reid and Ackert (1941) performed simi-
I lar experiments with Raillietina cesticillus olin and found I 
that the glycogen store of the worms was reduced by 92 per 
cent after twenty hours of starvation. In a later work Reid 
(1942) noted that there was no depletion of fat over periods 
of starvation. This adds further evidence to the belief 
that the lipid components of the cestode are indicative of 
excretion rather than of assimilated food materials. 
Hager (1941) reduced the ration of white rats infected 
with Hymenolepis diminuta to one-third the normal intake and 
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observed no reduction in the reproductive capacity of the 
cestodes. 
C. Protein Diets 
The status of protein assimilation and metabolism by 
cestodes is somewhat in question, but the overall picture 
leaves little doubt that protein in some form is certainly 
necessary to the worms for normal establishment, growth, 
and reproduction. 
Alicata (1939) suggested that a diet high in animal 
protein reduced the development of Davainea proglottina 
Davaine in the chicken. 
Hager (1941) compared the relative effects of wheat 
middlings and soybean oil on the reproductive capacity of 
Hymenolepis diminuta in the white rat. ore ova per day 
were passed in the feces of rats on diets containing wheat 
middlings. 
Soybean oil, when substituted for animal protein in 
the diet of chickens infected with the nematode Ascaridia 
galli, seemed to increase the resistance of the fowls to 
the roundworm. Ackert, Branson, Ameel, and Riedel (1944) 
considered the success of the all-plant ration in producing 
resistance to the high percentage of protein digestibility 
of soybean oil meal in growing fowls rather than to a direct 
effect on the worms themselves. 
Chandler (1943) noted no effect in the appearance or 
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activity of liymenolepis dtminuta in the white rat when pro-
tein was deleted from the diet. 
However, Chandler, Read, and Nicholas (1950) later 
established that Hymenolepis diminuta obtained vitamin a1 
from the host itself without any direct relationship to 
the host's diet. On this basis they assumed that protein 
might be assimilated in a like manner. Their review of the 
biochemical literature would seem to support the hypothesis: 
Study of the literature indicates that a 
quantity of nitrogen-containing substances pass-
ing into the intestine from the body of the host 
is surprisingly large, amounting to at least 30 
per cent of the quantity ingested by an animal 
on a normal diet. The variety of these substan-
ces that enter the gut from the host's body is 
amazing. In the succus entericus have been iden-
tified protein, amino acids, urea, creatine, 
creatinine, and ammonia. The bile may contain 
all of these and also "mucin", uric acid, and 
allantoin. The pancreatic secretion contains 
significant quantities of nitrogen-containing 
materials, but the exact nature of these sub-
stances has been little investigated. A vari-
ety of nitrogenous compounds, including amino 
acids, are normal constituents of the gastric juice which passes into the small gut. 
D. .Milk Diets 
ilk, a protein product of animals, would seem to have 
a drastic inhibitory effect on both cestodes and nematodes. 
A 5.5 day milk diet fortified with iron and copper was dis-
1; covered by Becker (1933) to cause a cessation of egg produc-
11 
tion in specimens of Hymenolepis fraterna established in the 
white rat. When the animals were switched back to a grain 
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ration, eggs reappeared in the feces of most of the rats. 
Shorb (1933) observed that nursling rats were refrac-
tory to infection by Hymenolepis fraterna. 
Hager (1941) noted that rats infected with Hymenolepis 
diminuta, when placed on a milk diet, passed considerably 
fewer eggs in their feces. 
The inhibitory effect of milk on nematode ascarids and 
whipworms in swine has actually been put to practical use as 
a control measure by Spindler and Zimmerman (1944). Animals 
on regular diets were found to harbor from 493 to 259 para-
sites. Pigs eating a regular diet supplemented by all the 
milk they chose to drink had at the most twenty worms, and 
swine on all milk diets were completely free of their worm 
burden after a period of several days. 
E. Dietary Studies Concerning Vitamins 
The relationship of vitamins to the nutrition of ces-
todes presents one of the most perplexing studies carried on 
thus far. It has been definitely established in this regard 
that cestodes assimilate products from the host's gut mucosa 
Hager (1941) found that a diet lacking the entire vitamin B 
complex caused a depletion in the number of eggs passed in 
the feces of four rats infected with Hymenolepis diminuta. 
When the missing factor was again restored to the rats' diet 
two of the animals passed normal numbers of ova once more, 
and the other two rodents were negative. An autopsy of the 
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latter animals revealed a loss of the parasites. By break-
ing down the vitamin B complex, Hager demonstrated that de-
letion of vitamin B1 had no effect on Hymenolepis diminuta, 
while Vitamin B2 or G caused a reduction in the number of ov 
produced. 
Chandler (1943) in an attempt to confirm the work of 
Hager carried out extensive research on the effects of vita-
mins on Hymenolepis diminuta. It was observed that lack of 
vitamin B1 and the fat soluble vitamins A, D, and E had no 
effect whatsoever on worm maintenance, growth, or behavior. 
By parenterally injecting radioactive thiamin into white 
rats, Beck and Chandler (1950) proved that Hymenolepis 
diminuta can obtain this substance directly from the host. 
Chandler (1943) found that lack of vitamin B2 or G, 
while having no effect on the establishment of the worms, 
caused a marked stunting of the cestode approximating that 
caused by reduced carbohydrates, but this effect was only 
seen in parasites inhabiting female hosts. 
In further pursuing the problem Addis and Chandler 
(1944) tested the effects of a diet lacking the fat soluble 
vitamins and one minus the G complex when both were started 
prior to infecting the rats. On both diets the number of 
worms per rat was less than in a control group on a normal 
ration. When both factors were withheld from the rats' diet 
the percentage of establ1shment was still further reduced. 
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Lack of vitamin G produced more extreme stunting the longer 
the host was on the diet prior to infection suggesting that 
the necessary component was absorbed from the host's mucous 
membrane and was . not obtained in adequate amounts from a 
depleted host. Lack of vitamins A, D, E, or B1 brought 
about an increase in the size of the worms present. 
Addis and Chandler (1946) added riboflavin, nicotinic 
acid, pyridoxine, pantothenic acid, p-aminobenzoic acid, 
biotin, inositol, choline, and folic acid either singly or 
in combination to the diet of infected female rats on a 
vitamin G deficient diet. None of these growth factors had 
any eff ect on the stunting of the tapeworms. Growth was 
also reduced in rats given a yeast concentrate supplied by 
the Fleishmann Laboratories, although the worms appeared to 
achieve normal size when given a hydrolyzed yeast extract 
prepared by Addis and Chandler. The administration of liver 
extract reduced the stunting effect of the vitamin G defi-
cient diet by about one-half. 
Addis (1946) performed castration experiments on male 
rats and found that after this operation even a normal diet 
produced stunting of liymenolepis diminuta. Growth was again 
normal when progesterone or testosterone were administered 
to the hosts. lorms within spayed females had normal size 
on a complete diet but stunting was again evident on a vita-
min G deficient one. There was partial improvement of the 
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dwarfing in spayed females given progesterone and in normal 
females given theelin when on a diet lacking vitamin G. In 
pregnant females on a similar ration normal growth of Hymeno 
lapis diminuta was obtained. Beck and Chandler (1950) found 
that in male rat hosts Hymenolepis diminuta passes a greater 
number of eggs than in females even on an adequate diet. 
, orms parasitizing male hosts reached a higher level of ova 
production in a shorter time span and continued to maintain 
this level for a five month period. A diet containing the 
entire vitamin B complex but lacking in yeast produced 
lowered egg production in both males and females. However, 
this reduction took place at a slower rate in the case of 
male rats. Yeast lack also produced a dwarfing of the worms 
inhabiting the female rat. Male dog bile was found to in-
crease egg production in both males and females after in-
hibition by a deficient diet. However, the effect was only 
temporary in the case of the female host. 
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I PART III: Effects of an-All-Milk Diet on the Establishment 
of Hymenolepis fraterna in the Golden Hamster, 
Mesocricetus auratus. 
Becker {1933) observed that the reproductive capacity 
of Hymenolepis fraterna Stiles was diminished in rats subsist-
ing on a milk diet. Hager (1941) received similar results with 
Hymenolepis diminuta (Rudolph1). Therefore, an attempt was 
to determine the effect of a milk diet on the establishment of 
Hymenolepis fraterna in the golden hamster, Mesocricetus auratu • 
Hymenolepis fraterna was selected as an appropriate 
experimental cestode for the following reasons: 
1. The worm, a common parasite of local wild rat 
populations, was readily obtained. 
2. Quantitative methods were facilitated by the 
fact that Hymenolepis fraterna produces eggs 
in large numbers. 
:3. The ova of Hymenolepis fraterna, being direct-
ly infective, obviated passage of the parasite 
through an intermediate host thus shortening 
the period of time required for the worm to 
develop from egg to adult. 
The golden hamster was considered an interesting host 
for Hymenolepis fraterna because this rodent had only once pre-
viously been experimentally infected with the tapeworm (Larsh, 
194:3). 
A. Methods and Materials 
Five young wild rats, apparently litter mates, of the 
species Rattus norvegicus were captured in a cage trap out-
side the Boston University Biological Laboratory. Since 
subsequent fecal examinations by the zinc sulphate centri-
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fugal floatation technique {Craig and li'aust, 1945) showed 
them to harbor Hymenolepis fraterna, the feces of these 
rodents served as the source of the ova used for purposes 
of infection. 
Rat feces were collected daily and stored in a moist 
condition at room temperature for seventy-two hours. Larsh 
(1943) found that this method of incubation produced a highe 
percentage of infection than when the ova of Hymenolepis fra 
terna were isolated from fresh feces and fed to prospective 
host animals. The ova were then floated by a technique simi-
lar to the one previously cited but with a saturated salt 
solution substituted for the zinc sulphate. The latter sub-
stance seemed to have a questionably harm£ul effect on the 
hamsters. 
One hundred loopfuls of the surface material were 
transferred by means of a bacterial inoculating needle from 
the Wassermann tube to a beaker containing 10 ml. of dis-
tilled water. After agitating the beaker to insure a homo-
geneous distribution of the contents, several loopfuls of 
the material were placed on slides and examined under the 
microscope to determine the number of ova per loopful. 
Having estimated the egg concentration of the suspension, 
'i an amount containing 1000 + 50 ova was looped off and aspir-
ated into a hypodermic syringe. A copper feeding tube was 
adapted to the syringe and introduced into the hamster's 
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stomach by way of the esophagus. Prior to this feeding all 
hamsters were examined on two separate occasions to insure 
the absence of established tapeworms. 
The hamsters, all between four and five weeks old, 
were divided into a control group and an experimental group, 
each containing four males and four females. 11 animals 
were placed on their respective diets at the time of the egg 
feedings. The control group received a well-balanced diet 
manufactured by the Ralston-Purina Corporation. The experi- ~ 
mental group received no nourishment other than Borden's 
homogenized, evaporated milk which contained all the food 
elements of fresh milk plus the addition of 1.92 U.S.P. unit~ 
of vitamin D3 per fluid ounce. Since this condensed milk 
had had 60 per cent of its water contents removed, the ani-
mals had drinking water available to them at all times. Ther l 
were no differences in the weight, appearance, or general 
well-being between the control group and the experimental 
group. 
The feces of the two hamster groups were examined on 
alternate days starting five days after the attempt at 
infection. 
B. Experimental Results 
None of the hamsters on the all-milk ration showed 
signs of infection with Hymenolepis fraterna either by fecal 
examination or at autopsy. 
I 
~. 
Tapeworms established in six of the eight control 
anUnals (Table 1). Eggs were separated from the feces of 
six rodents, and cestodes were recovered at autopsy from 
four. Each of the infected animals harbored a single worm 
with the exception of one male hamster from which two para-
sites were removed. 
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Animal Sex 
1 M 
2 M 
3 M 
4 M 
5 F 
6 F 
7 F 
8 F 
Date of Firsb Day Ova No. of Worms 
Attempted Were Recovered Date of Recovered at 
Infection From Feces Au toEs~ AutoEB::£ 
June 23 July 9 July 19 
June 27 July 13 July 19 2 
June 28 July 13 July 19 1 
June 28 July 13 July 19 1 
June 28 July 15 July 19 1 
June 29 July 11 July 19 
June 28 
--- July 19 
June 29 
---
July 19 
Table 1. :EXPERIMENTAL DATA FOR CONTROL GROUP 
Length of 
Worms (Wet 
Measurement) 
60 nnn. 
51 nnn.. 
74 mm. 
83 nun. 
75 nun. 
~ 
~ 
• 
PART IV: Discussion 
Parasitology as a specialized field of study is a 
relative newcomer to the biological sciences, and, as in all 
virgin fields, its early years have been largely devoted to mor-
phology and taxonomy. It is only recently that workers have 
been able to leave this fundamental but necessary descriptive 
work and devote their attentions to physiological aspects. As 
a result, only a few of the many phases of cestode nutrition 
have been explored, and, at this time, lack of sufficient data 
renders impossible the formation of definite conclusions. Neve~ 
theless, a survey of the research carried on to date suggests 
very definite patterns. 
A. Carbohydrates and Fats 
Glucose, having a higher respiratory quotient than 
either protein or fat, would seem to be the most efficient, 
and therefore, the primary energy source for the worms under! 
the anaer obic conditions present within the host 1 s gut. F·at 
would, without question, yield more energy per unit than II 
carbohydrate (9.3 calories per gram for fat as compared wit 
4.1 calories per gram for carbohydrate), but the catabolism 
of 100 grams of fat (triolein) requires 200 liters of oxy-
gen in the production of 142 liters of carbon dioxide where 
as 100 grams of glucose, in expending 75 liters of oxygen 
forms 75 liters of carbon dioxide. Protein has a respirat 
quotient of .80 and is intermediate between the fats and 
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carbohydrates. If one considers oxygen to be the probable 
limiting factor in cestode metabolism, it would follow that 
the worms would utilize those materials which would yield 
the greatest energy with the least expenditure of this 
vi tal gas. The experimental work of Von Brand ( 1931), 
arkov (1939), Chandler (1943), ~ al. would seem to support 
this hypothesis. 
ortner -Schonbach (1913) and Hopkins (1950) suggest 
that glycogen depletion in tapeworms during the first 48 
hours of in vivo cultivation may be directly related to 
the development and maturation of the cestode's genitalia. 
Anabolism in general is an expensive process from the stand 
point of energy consumption, and therefore it would not be 
surprising if the tapeworm, primarily a reproductive entity, 
would utilize a considerable portion of its carbohydrate 
store in attaining sexual maturity. This would not mean 
that the generative tissue is composed of glycogen, but 
merely that carbohydrate would support the growth of the 
gonads. 
All available evidence would tend to support the 
view that fat present within cestodes is an accumulated 
excretory product. 
B. Protein Metabolism 
While Wardle and others have questioned the impor-
tance of protein as a nutritional factor for cestodes, 
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H. c. Sherman (1946) made the following statement: 
Proteins are essential constituents of both 
plant and animal cells. There is no known life 
without them. Plants build their own ~oteins 
from inorganic materials obtained from the soil 
and air. Animals form the proteins characteris-
tic of their own tissues, but in general they 
cannot build them up from simple inorganic sub-
stances such as suffice for the plants, and 
must depend upon the digestion products obtained 
from the proteins of their food. _ Since animals 
must have proteins for the construction andre-
pair or maintenance of their tissues, and since 
broadly speaking, they cannot make their pro-
teins except from the cleavage products of other 
proteins, it follows that proteins (or their 
cleavage products, the amino acids} are necessary 
ingredients of the food of all animals. 
None of the in vitro experiments carried on to date 
bave resulted in cestode growth or reproduction unless pro-
tein substances were incorporated in the media. lso, bio-
chemical analyses of tapeworms show definitely that their 
tissues contain protein materials, but Chandler (1943) 
demonstrated that Hymenolepis diminuta is not dependent on 
the host's diet for nitrogenous substances. If Hymenolepis 
d1m1nuta is regarded as a typical tapeworm, this leaves but 
one possible source for cestode protein, namely, the host's 
tissues. Neither the specific means by which cestodes ob-
tain nitrogenous products nor the form or forms in which 
these substances are utilized are known at this writing. 
Chandler (1943) considered it possible that the worms might 
absorb proteins directly from the host's gut mucosa; in 1950 
he thought it more probable that the worms consumed nitro-
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genous products passed from the host's tissues into solution 
in the intestinal contents. Until further experimental work 
confirms or refutes these hypotheses, no additional state-
ment may be offered. 
Milk, a food product containing a high protein content 
apparently exerts a detrimental effect on cestode establish-
ment, growth, and reproduction. Shorb's findings that Hymen 
olepis fraterna fails to appear in nursling rats suggest 
several explanations. Hunninen (1935) believes that the 
shortness of the intestine in mice less than one month old 
is unfavorable to the establishment of Hymenolepis fraterna. I 
Larsh (1942) offers the answer that a passive immunity is 
obtained from the mother's milk and in utero which protects 
the offspring from infection. Ackert (1942) states that the 
inhibition of establishment may be due to vermicidal action 
of the milk or to the highly restricted protein diet. 
Becker (1933) noted that a diet of cow's milk while 
not killing Hymenolepis fraterna in the rat, did inhibit egg 
production, and Hager (1941) received similar results with 
Hymenolepis diminuta. Findings of the author of this thesis 
would indicate that Hymenolepis fraterna is incapable of 
establishing in the hamster when the rodent is placed on an 
all-milk diet concurrently with the attempt at infection. 
¥hile all of these foregoing experiments require verifica-
tion to broaden their scope, the failure of established 
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worms to produce ova in the first two instances, and the 
inhibition of growth from egg to adult in the third case 
might possibly suggest that protein metabolism was adverse-
ly affected by milk. 
The author noted two additional factors, neither of 
which has been verified, which might have resulted in the 
inability of Hymenolepis fraterna to establish in hamsters 
on a milk diet. First, the feces of the milk-fed hamsters 
were perfectly white, possibly suggesting a reduction in 
the secretion of bile. Addis and Chandler (1944) think 
that this substance aids in the evagination of the cysts of 
the closely related cestode Hymenolepis diminuta. Secondly, 
the feces of the hamsters were in a formed state, or at 
least the intestinal contents were in a particulate condi-
tion, at a much higher level in the smal~ intestine than 
would ordinarily occur. Since cestodes are believed to ab-
sorb only liquid food materials, and since Hymenolepis fra-
terna localizes in the second half of the small intestine, 
the quantity of food substances in solution may have been 
insufficient to support the tapeworm. 
C. Vitamins 
The vitamin needs of cestodes are apparently not di-
rectly related to the host's diet with the exception of 
vitamin G in the female host. Beck and Chandler (1950) de-
termined that vitamin B1 is obtained from the host's tissues 
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The fat soluble vitamins A, D, and E can, in the opinion of 
Addis and Chandler (1944), be synthesized by the worms, 
since even in a depleted host <!·~·' one that has been on a 
diet deficient in these vitamins for some time) tapeworms 
are capable of living with no noticeable effect on their 
well-being. Addis and Chandler attribute lower establish-
ment of Hymenolepis diminuta in animals lacking the fat 
soluble vitamins to the fact that bile secretion may be 
affected preventing proper evagination of the cysts. Vita-
min G incorporated in the diet of the female host would seem 
to link With some factor in the sex hormones of the host and 
play a part in the cestode's protein metabolism. 
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ABSTRACT 
The literature pertaining to the nutrition of cestodes, 
including attempts to cultivate the organisms .!.!'!.vitro, is re-
1
1 viewed. On the basis of findings to date few definite conclu-
sions can be made concerning either the specific food require-
ments of tapeworms or the functions the host's tissues play in 
fulfilling these needs. 
Because of the worms' largely anaerobic environment, 
glucose is considered to be the most probable energy source for 
cestode~ because its lower respiratory quotient makes possible 
a more efficient utilization of oxygen than would be the case 
for either proteins or fats. All workers are of the opinion 
that fats and fatty substances present within cestodes are 
waste products of the organisms' metabolism rather than evi-
dence of assimilated food materials. 
Protein in some form is undoubtedly necessary for ces-
tode growth and reproduction. While the source from which tape 
worms absorb these nitrogenous compounds has not been estab-
lished, the host's tissues rather than the host's diet would 
seem to supply the necessary factors. 
Vitamin G, when absent from the diet of the female 
host, exerts an inhibitory effect on the establishment, growth, 
and reproductive capacity of Hymenolepis diminuta, but otherwis 
47. 
cestodes are apparently not dependent on the host's ration for 
their vitamin needs. It has been proven that Hymenolepis dimin 
uta can absorb vitamin s1 from the host's tissues. The fat 
soluble vitamins A, D, and E might possibly be synthesized by 
the worms themselves. 
Noting that other workers had found milk to affect ad-
versely cestode egg production, the author attempted to learn 
the effect of an all-milk diet on the establishment of Hymeno-
lepis fraterna in the golden hamster, when the experimental 
diet and the attempt at infection were imposed concurrently. 
A control group on a well-balanced diet was also maintained. 
While none of the experimental animals showed signs of infec-
tion, six of the eight control hamsters became parasitized. 
It is suggested that milk may have in some way interfered with 
protein metabolism, since milk has been demonstrated by other 
workers to inhibit reproduction, and since in this case, it was 
assumed to have prevented establishment and growth. 
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